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1. Introduction
At the RAN1# 93 meeting, RAN1 discussed the possible design for DL/UL Signals and Channels and made the following agreements[1]:

Agreement:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission

· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation

· There are no gaps within the time span the signal is transmitted at least within a beam

· FFS: Whether any gaps are needed for beam switching and, if needed, their duration

· The occupied channel bandwidth is satisfied (although this may not be a requirement)

· Strive to minimize the channel occupancy time of the signal

· Characteristics that may facilitate fast channel access

Agreement:
· An interlaced waveform can have benefits in some scenarios including

· Link budget limited cases with given PSD constraint

· As one option to efficiently meet the occupied channel bandwidth requirement. 

· A waveform contiguous in frequency may be adequate in some scenarios

· To inherit legacy contiguous allocation designs.

Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that block-interlaced based PUSCH can be beneficial. 

· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 

· The following aspects can be considered for interlace waveform based PUCCH design:

· Flexible number of OFDM symbols

· Flexible payload size

· User multiplexing

· Number of formats

Agreement:

· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 

· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 

· It is identified that interlaced based PRACH can be beneficial. 

· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

· Interlacing based on PRB or REs

· Targeted cell sizes

· Targeted PRACH capacity

· Targeted false alarm and detection rates

· Targeted timing estimation accuracy

· Number of formats

· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

 In this contribution, we focus on the design of RLM and PRACH in NR-U spectrum.

2. Discussion
1.1. PRACH design in NR-U spectrum
Rel-15 NR supports 13 preamble formats with different sequence lengths and configurable SCSs. The SCS is either 1.25kHz or 5kHz for long formats with sequence L=839 while 15/30/60/120 kHz are supported for short ones with L=139. The possible bandwidths of a RACH transmission resource in FR1 are summarized in table 1.

Table 1. RO BW in FR1

	Sequence length
	SCS
	BW
	Nominal Channel Bandwidth

(20MHz)
	OCB

	
	
	MHz
	Number of RB
	Number of RB
	

	839
	1.25
	1.08
	6 (15kHz)
	106
	5.6%

	839
	5
	4.32
	24 (15kHz)
	106
	22.64%

	139
	15
	2.16
	12 (15kHz)
	106
	11.32%

	139
	30
	4.32
	12 (30kHz)
	51
	23.53%


One regulatory requirement commonly considered in unlicensed spectrum is OCB, which should be larger than 80% of the Nominal Channel Bandwidth for sub-7 GHz NR-U frequency. Obviously, RO BW supported in FR1 cannot fulfill the OCB requirement since UE performs LBT in units of 20 MHz. RAN1 has discussed about the necessity of introducing B-IFDMA and/or T-IFDMA to meet the requirement of OCB. In this section, we analyze these two options.

· B-IFDMA

In eLAA, the maximum transmission bandwidth configuration NRB of 20MHz is 100, and the B-IFDMA structure is based on ten equally spaced interlaces, each interlace consisting of 10 evenly distributed RBs. If NR-U PRACH adopts a similar B-IFDMA design, it would be able to support FDM between PUCCH/PUSCH and PRACH. 

At least to support FDM between PRACH and PUSCH with same SCS, interlaces containing 12 RBs are required, creating challenges to resource allocation since 106 is not divisible by 10 or 12, and the number of interlaces and the number of RBs in each cluster need to be revised. 

For instance, as shown in Table2, if each interlace contains 12 evenly distributed RBs, there will be 106-12*8=10 residual RBs which is left unused unless they, if used, are allocated jointly with at least one of the interlaces to guarantee the OCB requirement. The latter case results in the resource allocation of different interlaces not complying with a unified rule, a more complicated control signaling design and less benefits can be expected. 
As an alternative, PRACH and PUSCH may use interlaces with different spacings to alleviate resource wastage. One way to minimize the number of residual RBs is having two interlaces that contain twelve clusters for RACH and eight interlaces consisting of ten RBs for PUSCH. As a consequence of that uneven interlacing configuration, two RBs (e.g., the first two or the last two) of each RO are adjacent while the others are separated by 10RBs.

Table 2. An example of B-IFDMA

	Seq length
	PRACH / PUSCH SCS

(kHz)
	RO / Channel Bandwidth

(RB)
	Interlace spacing


	Interlace length (RB) and number of interlace
	Cluster size (RB)
	Residual RB

	139
	15/15
	12/106
	Even
	12RBs * 8
	1
	10

	
	
	
	uneven
	12RBs*2+10RBs*8
	1
	2


It is noted that neither of these methods can achieve full resource utilization and unified interlaces structure at the same time within the declared nominal channel bandwidth in NR-U.

On the other hand, accurate TA is essential to align the uplink transmission timing and to preserve the orthogonality between subcarriers of different UE. However, as the interlace structure will break the ideal cyclic auto-correlation property of the ZC sequence and lead to a significant effect on TA performance, the false alarm rate and misdetection rate of msg1 will increase.
· T-IFDMA

What is particular about T-IFDMA is the tone-level interlace between different preamble sequence, which brings a great challenge to preamble detection performance and also implies the occupied channel bandwidth should be fully used for RACH resource allocation. In other words, NW is unable to multiplex RACH and PUCCH/PUSCH in the frequency domain in the same channel.  

Having interlaced RACH at initial access stage, however, is not an appropriate approach, not only from a complexity perspective but with respect to potential impacts on the control information.

· Msg1 repetition in the frequency domain
It seems not worthwhile introducing such limitations and requirements merely to meet bandwidth occupancy; there are simpler ways to accomplish the same goal without dramatically increasing the complexity of design, for example, repeating msg1 in the frequency domain.

One potential concern arising from the msg1 repetition may be a lower RACH capacity since the opportunities to access RACH resources that meet the OCB requirement are less. However, the lost capacity can be compensated by configuring a denser RACH time instances.

Another concern is that the largest gap between two ROs may not meet the OCB requirement. When prach-FDM=8, preamble length=839 and preamble SCS =1.25kHz, the total bandwidth of 8 RO is 8.64MHz, which is less than 80% of the nominal channel bandwidths.
Observation 1: 

· Interlaced RACH structure, for example T-IFDMA and B-IFDMA, will severely affect preamble detection performance;
· B-IFDMA will bring more complex resource mapping rules and higher control signaling overhead;
· When prach-FDM=8 is configured, the long PRACH format still cannot meet the OCB requirement.
Proposal 1: 
· Msg1 repetition in frequency domain should be considered as it is benefical for OCB requirement and PRACH reliability;
· Consider PRACH preamble formats with long sequence being excluded or expanding prach-FDM from 8 to 16 for the long sequence for NR-U frequency.
· PRACH time window
Unlike NR license where the valid PRACH resources are definite to UE by the configuration through RMSI, the available PRACH resources in NR-U spectrum is unpredictable by UE, and multiple UEs have to compete for the nominal channel containing PRACH based on LBT. The uncertainty as to the accessible occasions for RACH message transmission will lead to quite larger access delay and higher Msg1 detection failure probability.

Given this lengthy, uncertain RACH process, UE should be allowed to declare RACH failure before RAR window expires and try to acquire other ROs. For example, if all RO#1s corresponding to the selected SSB#1 within a configurable time window are not available, UE should not keep trying to acquire the subsequential RO#1. In this case, UE can indicate a failure message to the upper layer and select another SSB/RO pair to initiate a new RACH procedure. 
Proposal 2: UE should be allowed to switch SSB and/or channel to send msg1 when it cannot obtain any available ROs within a configurable window.
1.2. Radio link monitoring in unlicensed spectrum
In the licensed spectrum, both SSB and CSI-RS can be configured as RLM-RS, and should be transmitted periodically. When the radio link quality assessed on any configured RLM-RS resource is better than the threshold Qin, in sync is indicated, and when the radio link quality assessed on all of configured RLM-RS resources are worse than the threshold Qout, out-of-sync is indicated.

However, in the unlicensed band, RLM-RS transmission may be blocked due to channel unavailability, which will lead to OOS indication more frequently, and then radio link failure will be declared more frequently. To avoid this issue, IS and OOS indication criterion should be enhanced considering the RLM-RS transmission may be blocked in unlicensed spectrum. For each configured RLM-RS, UE should determine whether the RLM-RS is detected, if RLM-RS not detected by UE, UE does not need to evaluate the hypothetic PDCCH BLER against Qin and Qout, and number of times RLM-RS not detected should be counted in each indication period. The enhanced in-sync and out-of-sync indication mechanism should take the number of times RLM-RS not detected into consideration, in addition to the number of RLM-RS on which the radio link quality assessed is better or worse than Qin and Qout.
Besides, UE can assess whether the configured RLM-RS is successfully transmitted, if the detection rate of the configured RLM-RS resources in an indication period is lower than a threshold, new state can be indicated to higher layer to facilitate the radio link failure procedure.
Proposal 3: Indication mechanism should be enhanced in radio link monitoring considering that the RLM-RS transmission may be blocked in unlicensed spectrum.
3. Conclusion

In this contribution, we focus on the design of RLM and PRACH in NR-U spectrum, and have the following proposals:
Observation 1: 

· Interlaced RACH structure, for example T-IFDMA and B-IFDMA, will severely affect preamble detection performance;
· B-IFDMA will bring more complex resource mapping rules and higher control signaling overhead;
· When prach-FDM=8 is configured, the long PRACH format still cannot meet the OCB requirement.
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Proposal 1: 
· Msg1 repetition in frequency domain should be considered as it is benefical for OCB requirement and PRACH reliability;
· Consider PRACH preamble formats with long sequence being excluded or expanding prach-FDM from 8 to 16 for the long sequence for NR-U frequency.
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Proposal 2: UE should be allowed to switch SSB and/or channel to send msg1 when it cannot obtain any available ROs within a configurable window.

Proposal 3: Indication mechanism should be enhanced in radio link monitoring considering that the RLM-RS transmission may be blocked in unlicensed spectrum.
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